INTRODUCTION
Several recent studies [McKenzie, 1984; Klein and Langmuir, 1987; McKenzie and Bickle, 1988] have emphasized that melting occurring in adiabatically rising mantle material is polybaric. It is now widely accepted that mid-ocean ridge basalts (MORB) are produced by such melting, commonly referred to as column melting. In this model, solid mantle material rises along an adiabatic temperature gradient, intersects the solidus at a depth determined by its temperature and melting characteristics, and begins to melt. Continued upwelling is accompanied by continuous melting, matrix compaction, and melt segregation.
While this general scenario for the genesis of MORB has gained wide acceptance, many of the details of the process and how these might vary in specific tectonic settings remain controversial. For example, some studies favor a wide (~100 km) zone of passive mantle upwelling resulting from plate separation [e.g., Oxburgh and Turcotte, 1968; Hanks, 1971;  present the method and discuss its possible applications to interpreting the origin of natural MORB melts. Finally, we apply the method to three MORB suites from a fast ridge (the East Pacific Rise (EPR) at 8ø-14øN), a slow ridge (the midAtlantic ridge (MAR) at 26øS), and a seamount chain formed near the EPR (the Lamont seamount chain at ~ 10øN). We discuss these results and draw some conclusions regarding magmatic processes occurring below the plate boundary zone.
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Experimental Data
There exist a great deal of experimental data bearing on the origin of MORB melts. These data have been recently reviewed by Falloon and Green [1987, 1988] , Elthon [1989 Elthon [ , 1990 , and Fujii [1989] . In this study, we have relied on the experiments of Jaques and Green [1980] and Falloon et al. [1988] and also have incorporated some results from Falloon and Green [1987, 1988] . These experiments are conducted with several starting compositions and cover a wide range of temperatures and pressures. Jaques and Green [1980] conducted isobaric batch melting runs using Hawaiian Pyrolite (HPY) and Tinaquillo Lherzolite (TQL) modified by subtracting 40% olivine (Fo91.6 and Fo91.9 ' respectively) to facilitate identification of minor phases. However, iron loss and quench modification hamper obtaining equilibrium partial melt compositions directly. They avoided these problems by analyzing all the residual crystal phases, combined with modal analysis of the entire charge, and obtained calculated equilibrium partial melts (CEPM) by mass balance.
Recently, Falloon and Green [1987, 1988] and Falloon et al. [1988] showed that the CEPM of Jaques and Green [1980] are too olivine-rich. They concluded that the CEPM of Jaques and Green [1980] incorporated errors in the modal analysis (especially in distinguishing fine-grained olivine and orthopyroxene) and phase compositions of residual minerals when compositional zoning was present. Falloon et al. [1988] also point to problems in the resultant SiO2 and A1203 contents of the CEPM. Because of these potential problems, we have carefully compared the Jaques and Green [1980] and Falloon et al. [1988] data. Plotting these data against each other shows excellent agreement for most elements for both starting compositions (HPY and TQL) as the correlations have slopes of 1.00 + 0.05 and R 2 > 0.94. However, there are indeed some differences in SiO2 and MgO for both HPY and TQL as well as in A120 3 and FeO for TQL. Falloon eta/. [1988] carried out reversal and/or sandwich experiments on CEPM of Jaques and Green [1980] by using Fe, Pt, and graphite capsules. The gain and loss of iron are inevitable when using Fe and Pt capsules, although the absolute amount is difficult to evaluate. However, the runs using Fe and Pt capsules should roughly bracket the unmodified melt concentrations if equilibrium is approached. Figure 1 shows the comparison of these data and indicates that the discrepancies between Jaques and Green [1980] and Falloon et al. [1988] are, in general, systematic. Assuming that the data of Falloon et al. [1988] constrained by graphite capsule runs and bracketed by Fe and Pt capsule runs are correct, then the CEPM of Jaques and Green [1980] can be corrected for these discrepancies. Figure 1 shows that the differences in SiO2 are --0.5 wt % for HPY and ~1 wt % for TQL. The A120 3 contents in three runs of TQL are clearly high, but can be corrected in a straightforward manner. The FeO difference for TQL and the MgO difference for HPY can also be corrected. For MgO of TQL the difference seems to be independent of capsule material. This comparison gives us confidence that the data set of Jaques and Green [1980] is in fact of high quality considering experimental difficulties. Thus, in our model we use the data of Jaques and Green [1980] and Falloon et al. 
where c 1, c 2, and c 3 are constants, P and T are pressure and temperature, and f(x) is a function dealing with the compositions of the solid phases and liquid in the system and probably also depends on pressure and temperature. In practice, however, to find an explicit form for (4) is not possible with available data. Fortunately, using F, the extent of partial melting, as a single variable can substantially simplify the problem. This is because F implicitly contains temperature and compositional information about the melting process. As illustrated in Figure 2 , we f'md that F is linearly related to temperature for each pressure considered by Jaques and Green [1980] , that is, F(wt%) = a + b P(kb) + {c + d P(kb)}T(øC), Since the potential complexities attending melting are all reflected in melt composition, we attempt to extract from the experimental data the apparent bulk solid-liquid partition coefficients (Di) for each oxide component (i): we have At low F (<10%), the relationship between F and T is probably nonlinear. The next step in our model is to empirically derive an expression for Di = f(P,T). But since at constant pressure, F only depends on T, we instead derive an expression for D i = f(P,F). Our empirical technique for deriving this expression for each oxide component is illustrated in Figure 5 using SiO 2.
This shows Dsio2 as a function of F for several pressures for both HPY and TQL. For the eight oxides we consider, we find Di = e +fF(wt%) + g/F(wt%) + h P(kb) + i P/F, where e, f, g, h, and i are empirical coefficients which differ slightly for each bulk composition. Table 2 gives [1987, 1988] are sandwich experiments, so F was not determined from each ran. Furthermore, the number of runs and the P-T coverage of MPY-90's behavior are insufficient to carry out the sort of analysis we performed for HPY and TQL. Instead, we used the equation (6) coefficients (e -i) for TQL as a starting point and by trial and error varied them to fit the available data for MPY-90.
Equation (6) and
The coefficients listed in Table 4 are the results of this attempt. Because TQL and MPY-90 are very similar in bulk composition, we use the equation (5) coefficients of TQL (Table 1) for MPY-90. While the fit of the We attempt to model the melts produced by a parcel of mantle rising adiabatically and melting continuously along the idealized adiabatic paths shown in Figure 9 . The very low melt retention in the mantle and the relatively rapid melt extraction process [McKenzie, 1984 [McKenzie, , 1985b we continue melting to a depth of-2-3 kbar. One major assumption in this model is the use of bulk Di values derived from isobaric batch melting. This may not be directly applicable to column melting because of the progressive depletion that the source undergoes and because the compositional effects on instantaneous Di values may differ from those in isobaric batch melting. To partly meliorate this effect, we obtained a new set of empirical coefficients for (6), given in Table 5 . They were derived from Table 4 by a very laborious iterative process of optimization of the "analytical" sums of oxides for each incremental melt along each of the eight adiabatic melting paths (a total of 155 incremental melts were considered) without affecting the compositions of the initial 5% isobaric batch melts.
Another potential problem is that we assume that each melt parcel follows the adiabatic melting paths shown in Figure 9 . The slope of this adiabat and its temperature are not precisely known, but can have an important effect on the amount of melt produced. Also, because of the compositional changes that occur in the solid during melting, it is unlikely that the model adiabat (which should be curved) will be followed strictly. Whether polybaric column melting takes place in equilibrium with a small amount of interstitial liquid (continuous melting as defined by Langrnuir et al. [1977] ) or not (i.e., fractional melting), the continual depletion of the solid will affect its melting path. It is possible, for example, that melting to produce MORB occurs very close to the solidus throughout the melting interval. This effect is probably very important in determining the pressure at which melting ceases (discussed later) and underscores the importance of obtaining more experimental data, especially at small degrees of melting for a variety of depleted peridotitc compositions. Note that our physical model for column melting is highly generalized and does not explicitly consider the geometry of the melting region, melt migration path, and a variety of other issues. This is deliberate, as geometric parameters and melt distribution are poorly known, however, more specific physical models are available (e.g. Plank and Langmuir, 1991).
With these uncertainties in mind, and with (5)- (7), and the coefficients from Tables 1 and 5, we calculate the pooled or accumulated column melts. These are shown in Table 6 with F at lower pressures). CaO does not have a maximum for % is reasonable, since the MgO range of our computed primary accumulated melts, as aggregation tends to buffer drastic column melts is small (9-12 wt %). In most cases, change in melt composition. As expected, TiO2, Na20 , and fractionation involves only a small amount of olivine and K20 in accumulated melts are higher at lower F and decrease plagioclase subtraction. We also assume that the mantle source faster than in batch melts. This is also true for A120 3, but the of MORB is homogeneous with respect to major elements. decrease is balanced by increasing A120 3 in the melts as Implicitly, we also assume high-pressure fractionation in pressure decreases along the melting paths. the mantle is a minor process for MORB genesis. In contrast with the EPR (Figure 14) , there is a good correlation between axial depth and melting parameters such as Po, To, and F. Our model suggests that these MORB melts have a relatively narrow range of Po (14-16 kbar or 42-48 km) and F (16-18% melting). Approaching the offsets that bound the segment, the extent of melting decreases, and the depth of melting increases. We discuss the possible implications of this pattern later. The Lamont seamount chain is highly depleted in very incompatible elements. For example, (La/Sm)N in the seamount lavas is systematically lower than at the EPR axis [Allan et al., 1989] . This systematic depletion is interesting because it is opposite to what would be expected for an enriched plume or hot spot that might explain the absolute plate motion orientation of the chain. One possible explanation of the systematic depletion in incompatible elements is that it represents progressive depletion of a source due to continuous melting as upwelling mantle turns to move laterally away from the EPR axis. However, the signature of progressive melting should also appear in the major element melt compositions, but it does not. Another possibility is that the trace element signatures are affected by lateral melt migration toward the EPR axis, as envisioned by Phipps Morgan [1987] . In this scenario, the Lamont seamount melts would not strictly represent pooled or accumulated column melts. Instead, they would be pooled melts without the first few percent of melt which might be removed by lateral melt migration.
To test the hypothesis, we calculate the trace element abundances for melts generated by continuous melting. We 
Mantle Temperature Distribution and Upwelling
The major element chemistry of MORB melts provides a very strong (via experimental studies) constraint on the temperature of the mantle. Though somewhat model dependent, this is probably the strongest direct constraint on mantle temperature available. We thus discuss the mantle temperature variation we infer from the application of our melting model to natural MORBs. While most physical models of mantle upwelling assume that the subaxial mantle has constant potential temperature (i.e., adiabatic temperature profile) and horizontal isotherms (Figure 28) Another possibility that can be considered is that the actual temperature gradient in the mantle below the ridges is slightly greater ( As shown previously, however, the local trend is more problematic. Intracolumn-melting processes produce similar, but not identical, data arrays as the local trend. As noted by Klein and Langmuir [1989] , the local trend appears to be confined to slow spreading ridges like the MAR. Kinzler and Grove (1991) propose that the local trend is the result of highpressure fractionation. If so, why does such fractionation only occur at slow-spreading ridges? Perhaps the depth and mechanism of eruption/intrusion vary systematically with spreading rate [Klein and Langmuir 1989] .
Since the MAR at 26'S displays the local trend, it may shed light on the cause of the local trend. Earlier we concluded that mantle heterogeneity, lateral melt migration, or temporal variability in axial lavas could help explain the perplexing Po and To paRems below this segment. If so, then each or any of these must vary as a function of spreading rate. We speculate that the local trend is in fact due to the dynamics of melt supply, as did Klein Since this is a reasonable parental composition for MORB, we are confident in applying the model to natural MORB compositions.
A possible shortcoming of our model is the assumption that the oceanic mantle beneath mid-ocean ridges is homogeneous with respect to major elements. Thus, we suggest that the coefficients in Tables 4 and 5 which cannot be explained by intracolumn melting alone. We propose that it is due to melting processes resulting from focused buoyant upwelling at slow spreading rates, namely longer melting columns in the center and shorter, deeper columns near offsets.
